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ABSTRACT
Semileptonic b→ s`` processes constitute a good probe for new physics
phenomena: new particles contributing to the loops could affect branching
fractions and angular distributions, and have different couplings to different
lepton families, thus violating lepton flavour universality.
Recent results from the LHCb experiment are reviewed.
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1 Introduction
The coupling of the leptons to gauge bosons in the Standard Model (SM) of particle physics is not predicted
to depend on the flavour. This property is known as lepton flavour universality (LFU).
b→ s`` transitions constitute a good probe for new physics searches in general and LFU tests in particular.
Such processes are indeed rare in the SM, being forbidden at tree level and only allowed via higher order
diagrams such as those shown in Figure 1. The presence of new, yet unobserved, particles entering the loops
could alter their branching ratios and/or angular distributions.
In some theory models like those predicting the existence of leptoquarks [1, 2] or Z’ bosons [3, 4, 5, 6, 7, 8],
new contributions to b→ s`` would introduce a violation of LFU.
Two results obtained from the analysis of the LHC Run-1 data collected by the LHCb experiment in
2011 and 2012 at a centre-of-mass energy of
√
7 and
√
8 Tev/c2 respectively are presented hereinafter.
Figure 1: Penguin (left) and box (right) Feynman diagrams describing a b→ s`` transition.
2 Observations
2.1 RK
In 2014 the LHCb collaboration tested LFU using B+ → K+`` decays [9], via the measurement of the ratio
RK =
∫ q2max
q2
min
dΓ(B+→K+µ+µ−)
dq2 dq
2∫ q2max
q2
min
dΓ(B+→K+e+e−)
dq2 dq
2
(1)
in the range 1 GeV2/c4 < q2 < 6 GeV2/c4, where q2 is the invariant mass of the dilepton system.
Due to LFU, RK in the SM is predicted to be 1±O(10−3) [10, 11].
From the experimental point of view, electrons and muons behave very differently in the LHCb detector.
In particular, while the latter are characterised by a high reconstruction efficiency and a very clean signature,
the former emit large amounts of bremsstrahlung radiation, which implies a significant degradation of the
resolution on the invariant dilepton mass, partially recovered by dedicated algorithms in the reconstruction
software. Moreover, different levels of background contamination are present in the two channels, which
implies substantial differences in the analysis. To minimise the effect of systematic uncertainties, at LHCb
the measurement has been performed as a double ratio of branching fractions
RK =
B(B+ → K+µ+µ−)
B(B+ → K+J/ψ(→ µ+µ−))
/
B(B+ → K+J/ψ(→ e+e−))
B(B+ → K+e+e−) . (2)
Candidates for the normalisation channel B+ → K+J/ψ(→ `+`−) are selected using the same criteria as
the non-resonant counterpart.
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The signal yields are extracted through a fit to the invariant B mass. In the case of the electron channel,
the sample is split in categories depending on whether the event was triggered by the electron, the kaon
or any other particle in the event. This allows to treat individually the different efficiencies of these three
categories.
The measured value of RK is 0.745
+0.090
−0.074(stat)
+0.036
−0.036(syst), which is in tension with the SM at 2.6σ level.
This value is found to be consistent with Ref. [12]. Figure 2 shows a comparison with previous measurements
from the B-factories, which are compatible with the SM within one standard deviation.
Figure 2: Comparison of the measurements of RK from LHCb (black dots), BaBar [13] (red squares) and
Belle [14] (blue triangles) with the SM expectation (purple line).
2.2 RK∗
A new result from the LHCb experiment is the measurement of RK∗ [18]. Similarly to the ratio in Equation
1, RK∗ is defined as
RK =
∫ q2max
q2
min
dΓ(B0→K∗0µ+µ−)
dq2 dq
2∫ q2max
q2
min
dΓ(B0→K∗0e+e−)
dq2 dq
2
(3)
with K∗0 → K+pi−. As in the RK analysis, the differences in the selection of muons and electrons constitute
a challenge and, in order to reduce the systematic errors, the measurement is performed as a double ratio
RK =
B(B0 → K∗0µ+µ−)
B(B0 → K∗0J/ψ(→ µ+µ−))
/
B(B0 → K∗0J/ψ(→ e+e−))
B(B0 → K∗0e+e−) . (4)
The analysis is performed in the two q2 bins 0.045 GeV2/c4 < q2 < 1.1 GeV2/c4 and 1.1 GeV2/c4 < q2 < 6
GeV2/c4, referred to as low and central q2 region, respectively. The thresholds are chosen to match the
dimuon kinematic threshold, to include the Φ(1020) → `` contribution in the first bin and to reduce con-
tamination from the radiative tail of the J/ψ resonance.
The signal in the two q2 bins both in the ee and µµ case are fitted simultaneously with the corresponding
resonant counterpart. For the electron channel, similarly to the RK analysis, the sample is further divided
into three trigger categories: candidates for which one of the electrons satisfies the hardware electron trigger,
candidates for which one of the hadrons from the K∗ decay meets the hardware hadron trigger requirements,
and candidates triggered by activity in the event not associated with any of the signal decay particles.
2
q2 bin RK∗ compatibility with SM
low 0.66+0.11−0.07 ± 0.03 2.1− 2.3σ
central 0.69+0.11−0.07 ± 0.05 2.4− 2.5σ
Table 1: RK∗ measured values in the two q2 intervals taken into account, along with their compatibility
with the SM. The spread in the significances is due to small differences in the theory predictions from the
models considered. The first uncertainties are statistical and the second are systematic.
Several different cross-checks have been performed to ensure the absence of biases in the analysis. The
most stringent one is the measurement of the ratio
rJ/ψ =
B(B0 → K∗0J/ψ(→ µ+µ−))
B(B0 → K∗0J/ψ(→ e+e−)) (5)
which is expected to be 1 due to the domination of the SM contribution from the J/ψ resonance. rJ/ψ is
found to be consistent with unity and constant with respect to the kinematics of the decay.
The measured values of RK∗ are reported in Table 1 along with their compatibility with the SM.
The results are found to be in good agreement between the three trigger categories. Furthermore, the
branching fraction of the decay B0 → K∗0µ+µ− is also measured and found to be in good agreement with
Ref. [19].
Comparisons with previous measurements from the B-factories and theory predictions are shown in Fig-
ure 3.
Figure 3: Comparison of the measurements of RK∗ from LHCb with (left) SM predictions and (right) BaBar
[13] and Belle [14].
3 Interpretations
Both RK and RK∗ measurements have raised interest in the world of particle physics theory and phenomenol-
ogy. Several global fits taking into account observables from different experiments, including results from
LFU searches and b→ s`` angular analyses, have been performed in an attempt to interpret these anomalies
3
by constraining new physics contributions in Wilson coefficients [15, 16, 17, 18]. Links are also predicted
to exist between lepton flavour universality and lepton flavour violation [20, 21] and investigations in this
direction can help build a consistent picture.
Further effort is still required both from the experimental and theoretical side to shed a clear light on the
present scenario.
4 Conclusions
Analyses of b → s`` decays are providing interesting and consistent hints of lepton flavour universality
violation, which deserve further investigation. The upcoming results from the LHC Run-2 data, along with
new studies on lepton flavour universality and lepton flavour violation will certainly lead towards clearer
conclusions.
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